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Description 

[0001] The present invention relates to flow-metering apparatus. More particularly, it relates to sensors for vortex 
flowmeters and to piezoresistive pressure sensors. 

5 [0002] It has been known for many years that vortices are developed in a fluid flowing past a n on -stream lined ob- 
struction. It also has been known that with certain arrangements vortices are developed by alternately shedding at 
regular intervals from opposite edges of the obstruction to form corresponding rows of vortices. Such vortices establish 
a so-called von Karman "vortex street," which is a stable vortex formation consisting of two nearly-parallel rows of 
evenly-spaced vortices travelling with the flow stream. 

io [0003] In a von Karman vortex street, the vortices of one row are staggered relative to those of the other row by 
approximately one-half the distance between consecutive vortices in the same row. The spacing between successive 
vortices in each row is very nearly constant over a range of flow rates, so that the frequency of vortex formation is 
correspondingly proportional to the velocity of the fluid. Thus, by sensing the frequency of vortex formation it is possible 
to measure the fluid flow rate. Devices for that purpose are often referred to as vortex meters. 

15 [0004] Various types of vortex meters have been available commercially for a number of years. Typically, these vortex 
meters comprise a vortex -shedding body mounted in a flow tube together with a sensor for detecting the frequency of 
vortex formation. Sensors used to detect the vortices often include diaphragms which fluctuate in response to alter- 
nating differential pressure variations generated by the vortices. For example, in U.S. Pat. No. 4,085,614 to Curran et 
al. and in U.S. Pat. No. 4,520,678 to Koziol et el., pressure applied to the diaphragms is transferred to a piezoelectric 
20 sensor which then produces electronic signals responsive to differential pressure applied to the diaphragms. This 
differential pressure measurement is used, in turn, to measure the frequency of vortex formation and ultimately the 
fluid flow rate or velocity. 

[0005] A limitation of this type of sensor is that it is capable of making only one measurement in a single process 
penetration, specifically, measuring the frequency of differential pressure fluctuations used to compute the flow velocity. 

25 Additional instruments and process penetrations would be required in order to obtain additional measurement quanti- 
ties, such as process fluid pressure or temperature. This increases the risk of releases df fugitive emissions and fluid 
loss and bears an increased cost for the purchase and installation of the additional instruments. Another disadvantage 
of additional process penetrations is the loss of accuracy in the measurements due to varying sampling points. Since 
the physical characteristics of the fluid changes within the flow, accurate measurements would require a common 

30 source point from which to sample within a single penetration. 

[0006] The present invention seeks to provide a sensor which provides multimeasurement capabilities at a common 
source point within a single process penetration for use, in particular, within a vortex flowmeter. 
[0007] The invention further seeks to provide a more accurate computation of fluid density by providing a means for 
multimeasurement capabilities. The frequency and amplitude of the alternating differential pressure signals created 

35 by the shedding vortices, the process fluid pressure, and temperature can all be measured at a common source point 
with a single sensor and in a single process penetration. 

[0008] The invention further seeks to use the multiple measurements to derive other computations, such as density, 
absolute and kinematic viscosity, Reynold's No., and the mass flow rates of both liquids and gases. 
[0009] General and specific objects of this invention will be apparent and evident from the accompanying drawings 
40 and the following description. 

[0010] European Application EP-A-0 666 467 (which takes priority from U.S. Serial No. 08/192,235 and filed on 4th 
February 1 994 in the name of Kalinoski, R.W.) filed on the same day as this application, contains further details of the 
sensor and housing arrangements. 

[001 1] WO 85/01344 discloses a flow-metering apparatus and a method for determining characteristics of a process 
45 „ flow according to the preambles of claims 1 and 7, respectively. The present invention is characterized by the features 
of the characterizing portions of claims 1 and 7. 

[0012] This invention results from the realization that accurate multiple measurements of the physical characteristics 
of a fluid's flow can be made within a vortex flowmeter in a single process penetration from a common source point. 
The invention aims to produce a sensor using this realization. 
so [0013] It should be noted that within this application process fluid pressure will be referred to as pressure, process 
fluid temperature will be referred to as temperature, the alternating differential pressure generated by the vortices shed 
from the shedder bar will be referred to as differential pressure, and polycrystalline silicon will be referred to as poly- 
silicon. 

[0014] This invention features a sensor for use within a flow pipe having a fluid flow and a shedder bar for generating 
55 vortices. The sensor is physically located outside of the flow pipe yet fluidly connected. The sensing diaphragms with 
piezoresistors are hermetically sealed in a sensor housing having two highly corrosion resistant process isolation di- 
aphragms. Cavities on either side of the sensing diaphragms are filled with an inert fluid which is also an electrical 
insulator. This fluid transmits the alternating differential pressure, process fluid pressure, and temperature from the 
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process diaphragms to the sensing diaphragms. 

[0015] In a first embodiment, the sensor contains two sensing diaphragms each with piezoresistors arranged in a 
Wheatstone bridge configuration. One sensing diaphragm is coupled to one of the process isolation diaphragms by 
an internal fluid filled cavity. The other side of this sensing diaphragm is positioned over a cavity which is either evac- 

5 uated and sealed or, in the second embodiment, vented to the atmosphere. This sensing diaphragm Is used to measure 
either the absolute or gauge pressure of the process fluid. The second sensing diaphragm is connected on one side 
through a fluid filled cavity to one process diaphragm and on the other side through a second fluid filled cavity to the 
other process diaphragm. The two fluid filled cavities are essentially isolated from each other. This sensing diaphragm 
is used to measure the amplitude and frequency of the differential pressure fluctuations caused by the shedding vor- 

10 tices. Either sensing diaphragm can measure the process fluid temperature as welt. 

[0016] In a first example of a vortex sensor not according to the present invention, the sensor element contains a 
single sensing diaphragm containing piezoresistors arranged in a Wheatstone bridge configuration. This sensing dia- 
phragm is connected to both process diaphragms in the same manner as described above and is used to measure 
the amplitude and frequency of the differential pressure fluctuations caused by the vortices and is also used to measure 

is the temperature. 

[001 7] In third and fourth embodiments, the sensor contains two sensing diaphragms, used to measure the process 
fluid pressure and differential pressure fluctuations, that are structured in the same manner as in the aforementioned 
first and second embodiments and contains an additional sensing element that is not mounted onto a diaphragm. The 
additional sensing element is the sole means for measuring the process fluid temperature eliminating this measurement 
20 from the two sensing diaphragms. The temperature sensing element contains two piezoresistors arranged in a series 
configuration and are positioned on the front side of the semiconductor chip which is connected to one process dia- 
phragm through a fluid filled cavity. 

[001 8] In a further example of a vortex sensor not according to the present invention , the sensor contains one sensing 
diaphragm, used to measure the differential pressure fluctuations, that is structured in the same manner as in the 
25 aforementioned vortex sensor and contains an additional sensing element that is not mounted onto a diaphragm. This 
additional sensing element is the sole means for measu ring the process fluid temperature eliminating this measurement 
from the sensing diaphragm. The temperature sensing element is structured in the same manner as in the aforemen- 
tioned first example. 

[001 9] In all embodiments and examples, the sensor is fabricated of a polys ilicon or silicon semiconductor chip. The 
30 chip is bonded to a laminated substrate having circuit traces. Fine wires are connected between the piezoresistors and 
the circuit traces. In turn, the connection is made from the traces to a multipin hermetically sealed electrical feed through 
which can either be of glass to metal or ceramic to metal construction. A cable assembly carries the electrical signal 
from the feed through to the signal processor. 

[0020] The functionality of the sensor is an improvement over the prior art in that it is capable of making a pressure 
35 measurement, a differential pressure amplitude and frequency measurement, and a temperature measurement at a 
common source point in the same process flow. In addition to these measurements, the computational element derives 
further measurement quantities indicative of the fluid such as, density, mass flow rate, absolute and kinematic viscosity, 
and Reynold's number. The ability to compute the Reynold's number is used to improve the flow velocity measurement 
accuracy. 

40 [0021] The foregoing and other objects, features and advantages of the invention will be apparent from the following 
more particular description of the preferred embodiments of the invention, as illustrated in the accompanying drawings 
in which like reference characters refer to the same parts throughout the different views. The drawings are not neces- 
sarily to scale, emphasis instead being placed on illustrating the principles of the invention. 

[0022] FIG. 1 is a perspective view, partly in phantom, of a vortex flow meter having a flow sensor according to the 
45 invention mounted within a flow pipe. 

[0023] FIG. 2 is a cross-sectional view of a vortex flow meter having a vortex shedder placed in a fluid flow passage 
for generating alternating vortices and a replaceable vortex sensor constructed according to the principles of this in- 
vention. 

[0024] FIG. 3 is a perspective view of the replaceable vortex sensor shown in FIG. 2. 
50 [0025] FIG. 4 is an enlarged cross-sectional view of the vortex sensor taken along section 4-4 in FIG. 3. 
[0026] FIG. 5 is an enlarged cross-sectional view of the vortex sensor taken along section 5-5 in FIG. 3. 
[0027] FIG. 6 is an enlarged cross sectional view of a second embodiment of the vortex sensor taken along section 
4-4 in FIG. 3. 

[0028] FIG. 7 is a schematic diagram of the coupling of the sensing resistors in a Wheatstone bridge configuration. 
55 [0029] FIG. 8 is a block diagram showing the processing element and its inputs and outputs as may be used in this 
invention. 

[0030] FIG. 9 is a cross sectional view of a vortex sensor not according to the present invention taken along section 
4-4 in FIG. 3. 
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[0031] FIG. 10 is a cross sectional view of a third embodiment of a vortex sensor according to the present invention 
taken along section 5-5 in FIG. 3. 

[0032] FIG. 1 1 is a cross sectional view of a fourth embodiment of a vortex sensor according to the present invention 
taken along section 5-5 in FIG. 3. 
5 [0033] FIG. 1 2 is a cross sectional view of a vortex sensor not according to the present invention taken along section 
5-5 of FIG. 3. 

[0034] FIG. 13 is a schematic diagram of the coupling of sensing resistors in a series configuration useful with the 

fourth embodiment of the present invention. 

[0035] A piezoresistive sensor for use in a vortex flowmeter having muftimeasurement capabilities at a common 

10 source point within a single process penetration will be described below. 

[0036] A flowmeter in accordance with the present invention is shown in perspective in FIG. 1 . 
[0037] Referring to FIG. 1 and FIG. 2, the present invention includes a vortex shedding meter 10, which primarily 
consists of a meter body 12, a sensor 14, a shedder body 16, and signal processing electronics contained in housing 
76. The vortex sensor 14 extends through a cylindrical opening 18 of meter body 12 and against vortex shedder 16. 

is Sensor 14 is secured in place by a cap 21 bolted by bolts 23,25 to meter body 12. This construction permits sensor 
14 to be easily replaced, if it becomes damaged. Sensor 14 along with gasket 22 divides fluid cavity 20, defined by 
opening 18, into two haives, pressure chambers 32 and 34. Gasket 22, which is preferably made of suitable high 
temperature material, creates a pressure seal between the walls of fluid cavity 20 and shedder 16. 
[0038] Referring to FIG. 2 and FIG. 3, sensor 14 is mounted between pressure chambers 32 and 34. The sensor is 

20 oriented such that its sensing direction is perpendicular to shedder 1 6 (as indicated by a double headed arrow 24) and 
along the direction of fluid flowing through meter body 12 (for example into the pipe as shown in FIG. 1 ). This orientation 
permits sensor 1 4 to detect the alternating pressure signals 26b and 28b caused by vortices 26a and 28a. As suggested 
by solid arrows 26a and 26b and the dashed arrows 28a and 28b, the differential pressure signals are alternately 
transferred to their respective pressure chambers 32 and 34 and are 180 degrees out of phase with each other. In 

25 addition, process fluid pressure and temperature are transferred through the fluid to chambers 32 and 34 as well. A 
second gasket 30, preferably made of high -temperature material, is secured between sensor 14 and meter body 12 
to prevent external leakage of fluid. 

[0039] Referring to FIG. 3 and FIG. 4, sensor 14 is generally rectangular in shape and is fitted with flexible metal 
process diaphragms 38 and 40 respectively facing pressure chambers 32, 34 (see FIG. 2) used to isolate transducer 
30 50a from direct contact with the process fluid andto transmit differential pressure fluctuations, pressure and temperature 
to transducer 50a. 

[0040] Referring to FIG. 2 and FIG. 3, secured to the upper part of the sensor 1 4 is a round sealing flange 44 carrying 
an electrical feed through fitting 42. A rigid tube 46 is welded to this fitting to provide protection for the connection 
elements (not shown) used to bring the electrical signals out from the sensor to cable assembly 48. This cable leads 
35 to a processing element 82 (see Fig. 8) found in instrument housing 76 (see FIG. 1 ), which functions in a known manner 
to produce conventional measurement signals 84 adapted for use in industrial process control. In the preferred em- 
bodiment, fitting 42 is a hermetic multipin feed through plug making sensor 14a self-contained unit and easily removable 
for calibration, replacement, cleaning or the like. 

[0041] FIGS. 4 and 5 provide more detailed views of sensor 14. Between process diaphragms 38 and 40 is cavity 

40 64 within which is positioned sensing transducer 50a which is used to detect the pressure fluctuations of the vortices 
as well as the pressure and temperature of the fluid. The sensing transducer is a rectangular semiconductor chip 
fabricated of a polysilicon or silicon material. Other geometric shapes can be used in accord with the invention, provided 
that at least one side of the chip is substantially flat. Sensing transducer 50a contains two sensing diaphragms 52 and 
54 used to produce electric output signals responsive to differential pressure fluctuations, pressure, and temperature. 

45 Sensing diaphragms 52,54 are mounted onto laminated substrate 56. Laminated substrate 56 carries a layer of con- 
ductive traces 58 for transmitting output signals from the sensing diaphragms. Sensing transducer 50a is connected 
by multiple electrical wires 60 which are mounted from the outer edges of the sensing transducer to the layer of con- 
ductive traces 58. Details as to the further construction of the laminated substrate and the electrical connections from 
the sensing transducer to the laminated substrate are found in EP-A-0 553 725. 

so [0042] Referring to FIGS. 4 and 5, sensor 14 contains a fill port 74 for importing a non-corrosive inert fill fluid. The 
fill fluid enters through fill port 74 fills cavity 64 passes through a narrow slit 68 and fills cavity 35. It then fills bore 67 
and cavity 70. Slit 68 establishes high mechanical or hydraulic impedance between cavity 64 and cavity 70. The fill 
path accordingly does not reduce the differential pressure fluctuations experienced by sensing diaphragm 52 relative 
to the differential pressure at process diaphragms 38,40, except at frequencies lower than those encountered during 

55 normal vortex-sensing operation. The fill fluid on both sides of sensing transducer 50a serves to transmit to sensing 
diaphragms 52,54 the pressure fluctuations, process fluid pressure and temperature applied to the outer surfaces of 
process diaphragms 38,40 by the passage of the process fluid and vortices shed by shedder body 16. The fill fluid 
provides a desirably benign environment for sensing transducer 50a by protecting it from hostile fluids. 
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[0043] Slit 68 is large enough to allow fill fluid to seep therethrough yet small enough to form an apparent pressure 
barrier between cavity 64 and cavity 70. The slit is dimensioned to present a relatively high hydraulic impedance at 
the vortex frequencies being measured. Further, unequal pressure build-up within the hydraulic fluid on either side of 
sensing transducer 50a, as a result of temperature variations, is equalized by the passage of fluid from one compartment 

s to another through slit 68. 

[0044] Referring to FIG. 4, sensing diaphragm 52 senses the alternating differential pressure of the fluid flow and 
produces a corresponding electrical signal. Sensing diaphragm 54 senses the process fluid pressure and produces a 
corresponding electric signal. Either diaphragm 52 or 54 can be used to sense the process fluid temperature. Sensing 
diaphragms 52, 54 are formed of the same substantiallyllaTface of a diaphragm chip, preferablyTabncated of a poly 1 " 

10 silicon or silicon material. Piezoresistive strain gauges are disposed on each sensing diaphragm in a Wheatstone 
bridge configuration (see FIG. 7). Additionally, a dielectric layer can be interposed between the silicon or polysiiicon 
diaphragm and the piezoresistors. This electrically isolates the resistors minimizing both unwanted leakage currents 
and resistance degradation at high process fluid temperature. 

[0045] Referring to FIG. 7, Wheatstone bridge consisting of four piezoresistor elements is positioned on the front 
15 face of sensing diaphragms 52, 54. The four piezoresistors 90, 92, 94, 96 are positioned on each sensing diaphragm 
such that when they are subject to movement of the sensing diaphragms due to pressure, piezoresistors 90, and 96 
both experience either a compressive or a tensile strain while piezoresistors 92 and 94 simultaneously experience the 
opposite strain. Thus, if piezoresistors 92 and 94 are increasing in resistance, then piezoresistors 90 and 96 are de- 
creasing in resistance. This in turn creates an imbalance across the bridge such that when current 1 02 passes through 
20 the bridge from terminal 98a to 98b, a voltage V2 occurs across terminals 1 00a, 1 00b which is related to the movement 
of the diaphragm relative to the pressure being sensed as discussed below. 

[0046] The temperature measurement is also made from piezoresistor elements. The value of the resistance of 
piezoresistors 90, 92, 94, 96 is a function of temperature. When constant drive current 102 is supplied to the Wheatstone 
bridge circuit, the voltage across drive terminals 98a, 98b is related to the equivalent resistance of the series-parallel 
25 combination of the four resistors between the drive terminals as discussed below. The equivalent resistance is primarily, 
a function of temperature and, hence, used to compute the temperature. 

[0047] Referring again to FIGS. 4 and 5, sensing diaphragm 52 has a reverse side with cavity 35 which is fluid filled. 
The fill fluid serves to transmit to the sensing diaphragm the pressure fluctuations applied to the process diaphragms 
by the passage of the vortices shed by shedder bar 16. Sensing diaphragm 52 deflects due to the differential pressure 
30 transmitted through the fill fluid from process diaphragms 38, 40 produced by the alternating vortices. Such deflection 
causes a change in resistance which is detected by the internal Wheatstone bridge circuit producing a corresponding 
electric output signal. The output signal is transmitted to a processing element 82 (see FIG. 3) which determines the 
amplitude and frequency of the signal which is used to compute the fluid velocity and density. 

[0048] Sensing diaphragm 54 is used to measure the absolute or gauge pressure of the process fluid. Sensing 

35 diaphragm 54 has a reverse side with sealed cavity 36 which is vacuum-filled when used to measure absolute pressure. 
In the second embodiment, for a gauge pressure measurement, cavity 36 is vented to the atmosphere through atmos- 
phere vent 66 (see FIG. 6). In sensing diaphragm 54, the deflection of the diaphragm due to pressure creates a change 
in resistance which is detected by the internal Wheatstone bridge circuit producing a corresponding electric output 
signal. In addition, sensing diaphragm 54 also deflects due to the pressure fluctuations generated by the vortices 

40 affecting process diaphragm 40. This deflection also creates a change in resistance which is detected by the internal 
Wheatstone bridge circuit. The resultant voltage output of the bridge is therefore a composite of the fluid pressure with 
a smaller a.c. component superimposed on it. The fluid pressure can be anywhere from approximately 1 .379-1 0 5 Pa 
(20 psi) to 1. 379-1 0 7 Pa (2000 psi) while the alternating differential pressure caused by the vortices can vary from 
approximately 68.95 Pa (.01 psi) to 1 .034-1 0 5 Pa (1 5 psi). The processor element computes the average fluid pressure 

45 from this composite signal. 

[0049] Additionally, either sensing diaphragms 52 or 54 can be used to measure the temperature of the fluid. The 
temperature of the fluid is sensed by the piezoresistor element in sensing diaphragms 52,54 which produces a corre- 
sponding output signal. The temperature measurement is also used to compensate, in processing element 82, for 
rep eatable errors in the measurement of pressure and differential pressure caused by widely varying temperatures. 

50 [0050] FIG. 9 depicts a vortex sensor not according to the present invention. In the vortex sensor, sensing transducer 
50c consists of sensing diaphragm 52 used to produce electric output signals responsive to differential pressure fluc- 
tuations and temperature. Sensing diaphragm 52 used within sensing transducer 50c, in this embodiment, is similar 
in all other structural and operational details to the first embodiment. 

[0051] FIG. 10 depicts a third embodiment of the invention. In this embodiment, sensing transducer 50d consists of 
55 two sensing diaphragms, 52 and 54, and sensing element 1 06. Sensing diaphragm 52 is used to measure the alternating 
differential pressure of the fluid flow and sensing diaphragm 54 measures the absolute pressure of the process fluid 
as detailed above in the first embodiment and similar to FIG. 4. Sensing element 106 is used solely to measure the 
temperature of the process fluid. Neither sensing diaphragm 52 nor 54 is used to measure the process fluid temperature. 
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The fourth embodiment, as shown in FIG. 11 , is similar to the third embodiment, except that sensing diaphragm 54 is 
vented to the atmosphere measuring gauge pressure in a similar manner as in the second embodiment and shown in 
FIG. 6. 

[0052] The third and fourth embodiments are particularly suited to polysilicon sensors, however, they can also be 
5 used with silicon sensors. Impurity doped polysilicon resistors have a very low temperature coefficient compared to 
silicon. To achieve an accurate temperature measurement, it is therefore highly desirable to physically isolate the 
temperature sensor from the mechanical strains experienced by the pressure sensing diaphragms. Referring to FIG. 
13, sensing element 106 consists of two piezoresistor elements 108 and 110 arranged In a series configuration and 
used as a voltage divider. Piezoresistor elements 1 08, 110 are doped such that they have different temperature coef- 
io ficients, preferably one with a negative and the other with a positive resistance temperature coefficient. The ratio of 
the voltages V1/V2 is a function of temperature. 

[0053] FIG. 12 depicts a vortex sensor not according to the present invention where sensing transducer 50f comprises 
sensing diaphragm 52, used to measure the differential pressure fluctuations solely, and sensing element 106 which 
is used to measure temperature. This embodiment is also particularly suited to polysilicon sensors for the aforemen- 

*5 tioned reasons and could also be used with silicon. 

[0054] A sensor designed in this fashion has the advantage of providing a more accurate temperature measurement 
since sensing element 106 is totally insensitive to mechanical strains thereby being unaffected by the differential pres- 
sure fluctuations or process fluid pressure. In the case where sensing transducer 50d, 50e, 50f is fabricated from a 
polysilicon semiconductor chip, It is imperative that the temperature measurement be made in this fashion in order to 

20 obtain an accurate measurement. Polysilicon resistors have a low resistance temperature coefficient making it difficult 
to isolate the temperature effect when in combination with the effect of the differential or-process fluid pressure. 
[0055] The active or moving parts of sensor 14, namely, sensing diaphragms 52, 54, process diaphragms 38, 40, 
and the fill fluid have very low mass. Also, sensing diaphragms 52, 54 are extremely stiff. A sensor constructed in this 
manner has two advantages. It is inherently insensitive to mechanical vibrations such as lateral pipe vibrations. Sec- 

25 ondly, it has a resonant frequency which is substantially higher than vibration frequencies which are typically experi- 
enced in piping, and is also substantially higher than the maximum shedding frequency. Therefore measurement errors 
caused by exciting the sensor at resonance do not occur, nor does the sensor fatigue due to excessive motion at 
resonance. 

[0056] Referring to FIGS. 1 and 8, instrument housing 76 coupled by support member 78 to meter body 1 2 contains 
30 processing element 82 used to produce measurement signals 84 derived from signals transmitted from sensor 14 
transmitted through cable 48. The processing element is a microprocessor, however, the invention is not limited to this 
use, other types of processing elements may be used. 

[0057] Referring to FIG. 8, processing element 82 receives input signals 48 which are transmitted from sensor 14. 
Input signals 48 indicate the frequency and amplitude of the differential pressure fluctuations, temperature and pressure 

35 of the fluid's flow. From input signals 48, processing element 82 computes additional physical characteristics of the 
fluid's flow. These physical characteristics include, but are not limited to, the fluid's velocity, density, viscosity, Reynold's 
number, and mass flow rate. Details as to how these computations are derived are described below. These additional 
measurement quantities are transmitted from processing element 82 through measurement signals 34 for use in an 
industrial process control system. 

40 [0058] The operation of the vortex flow meter and sensor will now be described in detail. When the process fluid 
flows through the flow pipe, vortices are generated by shedder 1 6 which in turn generates the alternating vortex press u re 
fluctuations. These pressure fluctuations as well as the fluid pressure and temperature are transmitted through pressure 
chambers 32, 34 to sensor 1 4. Process diaphragms 38,40 serve to isolate the process fluid from the sensing transducer 
while transmitting the alternating vortex pressure fluctuations, pressure, and temperature of the fluid through the fill 

45 fluid to sensing diaphragms 52, 54. 

[0059] The alternating vortices cause pressure fluctuations which are transmitted through the fill fluid on both sides 
of sensing diaphragm 52 causing it to deflect in response to the resultant alternating pressure. As a result the piezore- 
sistors in sensing diaphragm 52 experience an alternating strain resulting in a sinusoidal variation in resistance pro- 
ducing an a.c. voltage signal. This signal is transmitted from sensing diaphragm 52 through to conductive traces 58 

50 through fitting 42 to cable 48 and onto processing element 82. This a.c. voltage signal will be sinusoidal in nature from 
which its frequency and amplitude is computed in known fashion by processing element 82. Since sensing diaphragm 
52 only senses differential pressure and is relatively immune to fluid pressure, sensor 1 4 has excellent inherent common 
mode noise rejection and immunity to pump pulsations. Therefore, there is little possibility that processing element 82 
will interpret pump pulsations as being vortex shedding pressure fluctuations and compute an erroneous flow velocity. 

55 [0060] The alternating pressure caused by the vortex shedding is transmitted from process diaphragms 38, 40 
through the fill fluid to the two sides of sensing diaphragm 52. The process fluid pressure is transferred from process 
diaphragm 40 through the fill fluid to the top side of sensing diaphragm 54. Typically the amplitude of the alternating 
differential pressure is between +/- 137.9 Pa (.02 psi) to +/- 1.034-10 5 Pa (15 psi) depending on the flow velocity and 
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the process fluid density. The process fluid pressure might be anywhere from 1 .379x1 0 5 Pa (20 psi) to 1 .379x1 0 7 Pa 
(2000 psi). Therefore, the pressure experienced by sensing diaphragm 54 is largety the process fluid pressure which 
is basically steady, plus a smaller sinusoidal component caused by the shedding vortices. The processing electronics 
extracts the average pressure. 

[0061] Independently, a temperature measurement is made as well from sensing diaphragms 52 or 54. There is a 
constant drive current applied to the Wheatstone bridge circuit at terminal 1 02. The temperature measurement is made 
by measuring the voltage across drive terminals 98a, 98b at a constant drive current. The voltage from drive terminals 
98a, 98b produces a resultant d.c. voltage indicative of the temperature of the fluid. In the preferred embodiment, the 
temperature measurement is made from either sensing diaphragms 52 or 54. However, this invention is not limited to 
this embodiment. In alternative embodiments, the temperature measurement can be made from either one of the 
sensing diaphragms or from a third location on the semiconductor chip having piezoresistors but no diaphragm. 
[0062] In the third and fourth embodiments, the process fluid temperature measurement is made from two piezore- 
sistors, 108, 110 arranged in a series configuration situated on the front face of the semiconductor chip subjected to 
the process fluid temperature from process diaphragm 40. A current is applied to piezoresistors 108, 110 at terminal 
116. The temperature measurement is made by measuring the voltage across terminals 112a and 112b in proportion 
to the voltage across terminals 114a and 114b as described in detail below. 

[0063] Hence, the outputs from sensor 1 4 are electronic signals indicative of the frequency and differential pressure 
amplitude of the shedding vortices, the fluid's gauge or absolute pressure, P, and the temperature, T. These and other 
measurements are computed by processing element 82 as follows: 

1 . The flow velocity, Vf, is computed from the following relation: 



where C 1 is a known calibration constant which is a function of the flowmeter internal diameter and the shedder 
bar geometry and 

fs is the vortex shedding frequency. 

2. The temperature measurement, T, made in the first and second embodiments is primarily a function of the 
voltage V1 across drive terminals 98a, 98b (see FIG. 7) of the Wheatstone bridge which in turn is proportional to 
the equivalent resistance at these terminals. The equivalent resistance is also affected somewhat by the pressure 
if sensing diaphragm 54 is used to measure temperature, or by the differential pressure if sensing diaphragm 52 
is used to measure temperature. Thus at a constant drive current, the temperature is computed from an equation 
of the general form: 



aq r are calibration constants and 
V 1a V 2 are measured voltages. 

3. The alternative temperature measurement, T, made in the third and fourth embodiments is in proportion to 
voltages 1 1 2 and 1 1 4 across piezoresistors 1 08, 1 1 0. Piezoresistors 1 08 and 1 1 0 are such that they have different 
temperature coefficients. This measurement, unlike the temperature measurement above, is hot affected by the 
process fluid pressure or differential pressure fluctuations. The general form of the temperature measurement is 
computed from the following relation: 



Vf = C 1 * 



fs, 




where 



T = 1 + A 1 (V 1 / V 2 ) + A 2 (V, / V 2 ) 2 + ... + A n (V 1 / V 2 ) n 
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where V 1 and V 2 are the measured voltages and 
A t , A 2 , .... A„ are calibration constants. 

4. The pressure measurement, P, is primarily a function of the voltage V2 across terminals 1 00a, 1 00b of the bridge 
5 circuit on sensing diaphragm 54 (see FIG. 7). The measurement is slightly affected by the temperature of the 

sensing diaphragm. Thus, at a constant drive current, the pressure is computed from an equation of the following 
general form: 

io >1 tY] 

15 

where b nm are calibration constants and 
V 1 , V 2 are the measured voltages. 

20 5. Similarly the measurement of the amplitude of the alternating differential pressure is primarily a function of the 

voltage V2 across terminals 100a and 100b of the bridge circuit on sensing diaphragm 52 (see FIG. 7). This 
measurement is also affected by the temperature of the sensing diaphragm. Thus, at a constant drive current, the 
differential pressure is computed from an equation of the same general form as the pressure discussed in 4 above. 

25 6. The process fluid density, d, can be computed by the following relations for the sensor described in the embod- 

iments of the invention as follows: 

a) For an ideal gas, d = P / (R * T) , where R is the known gas constant and P and T are the measured pressure 
and temperature signals computed as shown in (2), (3), and (4). 

30 

b) For a liquid, d = d 0 * (1 + B 1 * (P-P a ))/ (1 + B2 * (T-T 0 )) where T 0 is a reference temperature, P a is a reference 
pressure, d 0 is the density at reference temperature T 0 and reference pressure P a , B 1 and B 2 are known 
compressibility and expansion factors, and P and T are the pressure and temperature computed as shown in 
(2) , (3), and (4). 

35 

7. An alternative method for computing the process fluid density, d, for any embodiment is from the average alter- 
nating differential pressure created by the shedding vortices across the sensor and the flow velocity measurement. 
This relation is as follows: 

40 2 

d = differential pressure/ (C 2 * Vf ), 

where C 2 is a known constant and Vf is computed as shown in (1) above. 

45 8. A computation of the expected sensor signal V2 across terminals 1 00a, 1 00b of the bridge circuit of the differential 

pressure sensing diaphragm 52 can be used as a diagnostic to determine whether the sensor and its associated 
electronics are functioning correctly. The expected signal V2 is proportional to the product of the fluid density times 
the flow velocity squared. For example, if the fluid density is computed as in 6a or 6b and the flow velocity is 
computed as in 1 above, then the expected signal is: 

50 

V2 = C 3 * d * Vf 2 

where C 3 is a calibration constant. 

55 

9. The absolute viscosity v of the process fluid is a function of the process fluid temperature and is computed from 
the relationship between the temperature and absolute viscosity, which must be known for the particular process 
fluid. 



8 




EP 0 666 468 B1 

10. The kinematic viscosity, kv, of the fluid is determined from the following relation: 

kv = v/d, 

where v is the absolute viscosity computed as shown in (9) above and d is the density computed as shown from 
(6) or (7) above. 



11 . The Reynold's number, R, is determined from the following relation: 

10 

R = ( Vf * D )/kv, 



where Vf is the velocity computed as shown in (1), D is the flowmeter internal diameter, and kv is the kinematic 
15 viscosity computed as shown in (10) above. 

The accuracy of the flow velocity computation can be improved if the Reynold's number is known. This is due to 
the fact that the shedder bar geometry C, is not constant, rather varies in a known fashion with the Reynold's 
number. 

20 

12. The mass flow rate of both liquids and gases is determined from the following relation: 



\ MFR=d*a* Vf, 

25 

where d is the density computed as shown in (6) and (7) above, Vf is the flow velocity computed as shown in (1), 
and a is the area of the flowmeter bore. 

[0064] The multimeasurement capabilities described above are attributable to the properties of the piezoresistor 
30 element Piezoresistors can be applied to measure a.c. pressure fluctuations which are generated by vortex shedding 
as well as the process fluid's pressure and temperature which are often quite steady. This is an improvement over the 
prior art which employed piezoelectric crystals which had by their nature the limited capability of being able to measure 
only a.c. pressure fluctuations. 

[0065] Additionally, this invention is a beneficial improvement since it has the capability to measure in a single flow 
35 penetration the fluid's differential pressure, temperature, and pressure from which other physical characteristics of the 
flow can be computed. Such other characteristics include, but are not limited to, the density of the fluid, the absolute 
viscosity, the Reynold's number, and the mass flow rate. There is also the additional benefit of an increased accuracy 
in the measurements since they were measured from a common sampling point. 

[0066] While the foregoing description of the preferred embodiments have considered resistive sensing other known 
40 sensing techniques can be used. For example, conventional resistance strain gauges, capacitance sensing, or optical 
sensing may be employed in lieu of the piezoresistor sensing techniques used in this invention. 
[0067] Although preferred embodiments of the invention have been described hereinabove in detail, it is desired to 
emphasize that this is for the purpose of illustrating the invention and thereby to enable those skilled in this art to adapt 
the invention to various different applications within the scope of the present invention which is defined by the claims. 

45 

Claims 

1 . A flow-metering apparatus (1 0) of the vortex-generating type comprising: 

50 

a) a flow-pipe section (20) adapted to be coupled into a fluid conduit flow; 

b) a vortex-generating body (16) mounted in said flow-pipe section (20) for generating alternating differential 
pressured fluctuations; 

c) a sensor housing (76) providing sealed interior spaces (64, 70), adapted to be fiuidly connected to said fluid 
55 flow; 

d) first and second process diaphragm (40, 38) means forming part of said housing (76) to contact the flowing 
fluid and to transmit into said sealed interior spaces (64, 70) said alternating differential pressure fluctuations; 

e) sensor means (14) located inside of said sensor housing (76) having opposite sides subjected respectively 
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to said pressure fluctuations from said first and second process diaphragms (40, 38), said sensor means (14) 
being arranged to detect said pressure fluctuations; 

f) liquid fill in said sealed interior spaces (64, 70) surrounding said sensor means (14) for transmitting within 
said sealed interior spaces (64, 70) said pressure fluctuations; 

g) electrical transmission means connected to said sensor means (1 4) to conduct signals (266, 286) corre- 
sponding to said pressure fluctuations; and 

h) computation means connected to said electrical transmission means arranged to process output signals 
transmitted from said electrical transmission means and arrangecUoLptoduce-eJectiP^ 

physical measurement quantities of the flow; 
10 i) the first and second process diaphragms (40, 38) transmitting into said sealed interior spaces (64, 70) process 

fluid pressure and temperature of the fluid; characterized in that: 

j) the sensor means (1 4) is subject to, and arranged to detect, said process fluid pressure and said temperature 
of the fluid wherein said sensor means (14) comprises a first and second sensing diaphragm (52, 54) such 
that said first sensing diaphragm (52) varies with changes in said pressure fluctuations and is situated between 
15 opposite sides of said first and second process diaphragm means (40, 38) such that it is coupled on one side 

via the liquid fill to the first process diaphragm and on its other side via the liquid fill to the second process 
diaphragm, and said second sensing diaphragm 54 is coupled to only the first process diaphragm with a single 
side exposed to the liquid fill; 

k) the electrical transmission means conducting signals corresponding to said process fluid pressure and 
20 temperature. 

2. Apparatus (10) as in claim 1 , wherein either said first sensing diaphragm (52) or said second sensing diaphragm 
(54) is configured to be sensitive to changes in temperature. 

25 3. Apparatus 1 0 as in claim 1 , wherein said sensor means (14) further comprises a temperature sensing element 
(1 06) which varies with changes in said process fluid temperature having a single side subject to said temperature 
changes from said first process diaphragm (40), which are transmitted via the liquid fill. 

4. Apparatus (10) as in claim 1 , in which said sensor means (14) is fabricated from the group consisting of a polysiiicon 
30 semiconductor chip or silicon semiconductor chip. 

5. Apparatus (10) as in claim 1, In which said sensor means (14) contains piezoresistive elements (90, 92, 94, 96) 
for sensing changes due to said pressure fluctuations, process fluid pressure, and temperature. 

35 6. Apparatus (10) as in any preceding claim, wherein said sensor means (14) comprises a sensor body to be located 
outside of said flow-pipe section (20) and fluidly connected thereto. 

7. A method of determining characteristics of a process flow for use in a vortex flowmeter (10) contained in a flow- 
pipe section (20) adapted to be coupled into a fluid flow conduit, which comprises: 

40 

a) producing a series of alternating pressure vortices (26a, 28a) in a flow stream by mounting a vortex-gen- 
erating body (16) in said flow-pipe section (20); 

b) transmitting said alternating pressure vortices (26a, 28a) caused by said vortex-generating body (1 6) to a 
sensor means (14) enclosed in a sensor housing (76) having sealed interior spaces (64, 70) liquid filled and 

45 comprising a first and second process diaphragms (40, 38) in contact with said process fluid, transmitting said 

alternating pressure vortices (26a, 28a) to said sensor means (1 4) through said liquid fill which surrounds said 
sensor means (14); 

c) measuring said alternating pressure vortices (26a, 28a) caused by said vortex-generating body (16) at said 
sensor means (14) by a first sensing diaphragm (52) having opposite sides subjected to said alternating pres- 

50 sure vortices (26a, 28a) from said first and second process diaphragms (40, 38), such that it is coupled on 

one side via the liquid fill to the first process diaphragm and on its other side via the liquid fill to the second 
process diaphragm; 

d) computing the amplitude of differential pressure and frequency of said alternating pressure vortices (26a, 
28a) as measured from said sensor means (14); 

55 e) transmitting the process fluid pressure to said sensor means (1 4) via the liquid fill; and characterized by: 

f) measuring said process fluid pressure with said sensor means (14) by a second sensing diaphragm (54) 
which is coupled to only the first process diaphragm with a single side exposed to the liquid fill; and 

g) measuring said process fluid temperature at said sensor means (14) which varies with changes in said 
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temperature. 

8. The method claimed in claim 7 wherein the step of measuring said process fluid temperature is made at said 
sensor means (14) by said first sensing diaphragm (52) which varies with changes in said temperature. 

5 

9. The method claimed in claim 7 wherein the step of measuring said process fluid temperature is made at said 
sensor means (1 4) by said second sensing diaphragm (54) which is sensitive to changes in said temperature. 



10. The method claimed in claim 7 wherein the step of measuring said process fluid temperature is done at said sensor 
10 means (14) by a temperature sensing element (1 06) which varies with changes in said process fiuid temperature 

having a single side subject to said temperature changes from said first process diaphragm (40) and spaced from 
said first and second sensing diaphragms (52, 54). 

11. The method claimed in any one of claims 7 to 10 further comprising the steps of: 

15 

a) computing the flow velocity, Vf, as a function of said frequency of said alternating pressure vortices (26a, 
28a) as measured from said sensor means (14); 

b) determining the process fluid density, as a function of said process fiuid pressure and temperature as de- 
termined from said sensing means (14); and 

20 c) computing the mass flow rate MFR from the equation 

MFR = dxaxVf 

25 wherein d is said process fluid density and a is the cross sectional area of the flow pipe. 



PatentansprUche 

30 1 . Durchf lussmessgerat (1 0) vom Wirbelerzeugertyp mit: 

a) einem zum Einkoppeln in einen Fluidfliesskanal geeigneten Fliessieitungsabschnitt (20); 

b) einem in dem Fliessieitungsabschnitt (20) befestigten Wirbelerzeugerkdrper (16) zur Erzeugung alternie- 
35 render Differenzdruckschwankungen; 

c) einem Sensorgehause (76), welches zur Fluidverbindung mit dem fliessenden Fluid geeignete abgedichtete 
Innenraume (64, 70) aufweist; 

40 d) einen Teil des Gehauses (76) bildende erste und zweite Prozessdiaphragmamittel (40, 38), um in Kontakt 

mit dem fliessenden Fluid zu stehen und die wechselnden Differenzdruckschwankungen in die abgedichteten 
Innenraume (64, 70) zu ubertragen; 

e) im Sensorgehause (76) befindliche Sensormittel (14), wobei die entgegengesetzten Seiten jeweils den von 
45 den ersten und zweiten Prozessdiaphragmen (40, 38) kommenden Druckschwankungen ausgesetzt sind und 

die Sensormittel (14) die Druckschwankungen ermitteln sollen; 

f) einer in den abgedichteten Innenraumen (64, 70) befindlichen, die Sensormittel (14) umgebenden Flussig- 
keitsfullung, um die Druckschwankungen in den abgedichteten Innenraumen (64, 70) zu ubertragen; 

50 

g) mit den Sensormitteln (14) verbundene elektrische Ubertragungsmittei zur Weiterleitung von den Druck- 
schwankungen entsprechenden Signalen (266, 286); und 

h) an die eiektrischen Ubertragungsmittei angeschlossene Rechenmittel, welche die von den elektrischen 
55 Ubertragungsmittei n weitergeleiteten Outputsignale verarbeiten und elektronische Signale erzeugen sollen, 

die physikalische MeGwerte fur den Fluss wiedergeben; 

i) wobei das erste und zweite Prozessdiaphragma (40, 38) den Prozessfluiddruck und die Temperatur des 
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Fluids in die abgedichteten Innenraume (64, 70) weitergeben; 
dadurch gekennzeichnet, dass 

j) das Sensormittel (14) dazu dienen soil, den Prozessfluiddruck und die Temperatur des Fluids zu ermitteln, 
wobei das Sensormittel (14) einen ersten und zweiten Diaphragmafuhler (52, 54) aufweist, so, daB der erste 
Diaphragmafuhler (52) auf Anderungen in den Druckschwankungen anspricht und zwischen einander gegen- 
uberstehenden Seiten des ersten und zweiten Prozessdiaphragmas (40, 38) angeordnet ist, und so, daB er 
auf einer Seite uber die Fullflussigkeit mit dem ersten Prozessdiaphragma und auf seiner anderen Seite uber 
die Fullflussigkeit mit dem zweiten Prozessdiaphragma zusammenarbeitet; und derzweite Diaphragmafuhler 
(54) nur mit dem ersten Prozessdiaphragma zusammenarbeitet, wobei nur eine Seite der Fullflussigkeit aus- 
gesetzt ist; 

k) wobei die elektrischen Obertragungsmittel dem Prozessfluiddruck und der Temperatur entsprech en de Si- 
gnale weitergeben. 

Gerat (10) nach Anspruch 1 , in welchem entweder der erste Diaphragmafuhler (52) oder der zweite Diaphragma- 
fuhler (54) so ausgebildet sind, daB sie auf Temperaturanderungen ansprechen. 

Gerat (10) nach Anspruch 1 , in welchem das Sensormittel (14) zusatzlich ein auf Anderungen der Prozessfluid- 
Temperatur ansprechendes Temperaturfuhlerelement (1 06) aufweist, wobei nur eine Seite fur die vom ersten Pro- 
zessdiaphragma (40) kommenden und uber die Flussigkeftsfullung ubermfttelten Temperaturanderungen dient. 

Gerat (10) nach Anspruch 1, in welchem das Sensormittel (14) aus einem Material, ausgewahlt aus der Gruppe 
Polysilicon-Halbleiterchip und Silicon-Halblelterchip, hergesteltt ist. 

Gerat (10) nach Anspruch 1 , in welchem das Sensormittel (14) zum Messen von auf Druckschwankungen, Pro- 
zessfluiddruck und -temperatur beruhenden Anderungen piezoresistive Elemente (90, 92, 94, 96) aufweist. 

Gerat (10) nach jedem der vorhergehenden Ansprtiche, in welchem das Sensormittel (14) einen Sensorkorper 
aufweist, der auBerhalb des Fliessleitungsabschnitts (20) anzuordnen und damit uber ein Fluid zu verbinden ist. 

Verfahren zur Bestimmung von Prozessf lusseigenschaften zur Anwendung in einem Wirbelstrom-Durchflussmes- 
ser (10), der in einem zum Einkoppeln in einen Fluidfliesskanal geeigneten Fliessleitungsabschnitt (20) enthalten 
ist, in den Schritten: 

a) Erzeugen einer Reihe alternierender Druckwirbel (26a, 28a) in einer Stromung, indem ein Wirbelerzeuger- 
korper (16) im Fliessleitungsabschnitt (20) angebracht wird; 

b) Obertragen der vom Wirbelerzeugerkorper (16) hervorgerufenen alternierenden Druckwirbel (26a, 28a) auf 
ein Sensormittel (14), das in einem Sensorgehause (76) eingeschlossen ist, welches abgedichtete Innenrau- 
me (64, 70) aufweist, die mit Flussigkeit gefullt sind und ein erstes und zweites in Kontakt mit dem Prozessfluid 
stehendes Prozessdiaphragma (40, 38) aufweisen, Obertragen der alternierenden Druckwirbel (26a, 28a) 
mittels der das Sensormittel (14) umgebenden Fullflussigkeit auf das Sensormittel (14); 

c) Messen der vom Wirbelerzeugerkorper (16) am Sensormittel (14) hervorgerufenen alternierenden Druck- 
wirbel (26a, 28a) mit einem ersten Diaphragmafuhler (52), von dem einander gegenuberiiegende Serten den 
alternierenden Druckwirbeln (26a, 28a) vom ersten und zweiten Prozessdiaphragma (40, 38) ausgesetzt sind, 
so, daB er auf einer Seite uber die Fullflussigkeit mit dem ersten Prozessdiaphragma und auf seiner anderen 
Seite uber die Fullflussigkeit mit dem zweiten Prozessdiaphragma zusammenarbeitet; 

d) Berechnen der Druckdifferenzamplitude sowie der Frequenz der alternierenden Druckwirbel (26a, 28a), 
wie sie vom Sensormittel (14) gemessen wurden; 

e) Weiterleiten des Prozessf luiddrucks uber die Flussigkeitsfullung auf das Sensormittel (14); 
und gekennzeichnet durch 

f) Messen des Prozessfluiddrucks mit dem Sensormittel (14) mittels eines zweiten Diaphragmafuhlers (54), 
der nur mit dem ersten Prozessdiaphragma zusammenarbeitet, wobei nur eine Seite der Fullflussigkeit aus- 
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gesetzt ist; und 

g) Messen der Prozessfluid-Temperatur am Sensormittel (14), welches auf Anderungen in der Temperatur 
anspricht. 

5 

8. Verfahren nach Anspruch 7, in welchem der Schritt zur Messung der Prozessfluid-Temperatur am Sensormittel 
(14) mit Hilfe des ersten Diaphragmafuhlers (52) erfolgt, der auf Anderungen in der Temperatur anspricht. 

9. Verfahren nach Anspruch 7, in welchem der Schritt zur Messung der Prozessfluid-Temperatur am Sensormittel 
w (14) mit Hilfe des zweiten Diaphragmafuhlers (54) erfolgt, der empfindlich gegenuber Anderungen in der Tempe- 
ratur ist. 

10. Verfahren nach Anspruch 7, in welchem der Schritt zur Messung der Prozessfluid-Temperatur am Sensormittel 
(14) durch ein Temperaturfuhlerelement (106) erfolgt, welches auf Anderungen in der Prozessfluid-Temperatur 

is anspricht, bei welchem nur eine Seite fur die Temperaturanderungen vom ersten Prozessdiaphragma (40) dient 

und welches vom ersten und zweiten Diaphragmafuhler (52, 54) beabstandet ist. 

11. Verfahren nach jedem der Anspruche 7 bis 10, welches zusatzlich diefolgenden Schritte umfaBt: 

20 a) Berechnung der FlieBgeschwindigkeit Vf als Funktion der Frequenz der altemierenden Druckwirbel (26a, 

28a), wie sie vom Sensormittel (14) gemessen wurden; 

b) Bestimmung der Dichte des Prozessfluids als Funktion von Prozessfluiddruck und -temperatur, wie sie vom 
Sensormittel (14) ermittelt wurden; und 

25 

c) Berechnen des Mengendurchflusses MFR aus der Gleichung 

MFR = d • a • Vf 

in welcher d die Prozessfluid-Dichte und a die Querschnittsflache der Fliessleitung bedeuten. 
Revendicatlons 

1. Dispositif de mesure de debit (10) du type produisant un vortex, comprenant: 

a) une section de canalisation d'ecoulement (20) adaptee pour etre couplee dans un ecouiement de conduit 
fluidique; 

40 b) un corps (16) de production de vortex monte dans ladite section de canalisation d'ecoulement (20) pour 

produire des fluctuations de pression differentielle altemees; 

c) un boTtier de capteur (76) comportant des espaces interieurs (64, 70) fermes de facon etanche, adapte 
pour etre raccorde fluidiquement audit ecouiement de fluide; 

d) des premier et second moyens formant diaphragmes detraitement (40, 38) faisant partie dudit boTtier (76) 
45 pour venir en contact avec le fluide en ecouiement et transmettre dans lesdits espaces interieurs (64, 70) 

fermes de facon etanche, lesdites fluctuations de pression differentielle altemees; 

e) des moyens formant capteur (1 4) situes a I'interieur dudit boTtier de capteur (76) ayant des cotes opposes 
soumis respectivement auxdites fluctuations de pression a partir desdits premier et second diaphragmes de 
traitement (40, 38), lesdits moyens formant capteur (14) etant disposes de maniere a detecter lesdites fluc- 

50 tuations de pression; 

f) un liqulde de remplissage situe dans lesdits espaces interieurs (64, 70) fermes de facon etanche et entourant 
lesdits moyens formant capteur (14) pour transmettre lesdites fluctuations de pression a i'interieur desdits 
espaces interieurs (64, 70) fermes de facon etanche; 

g) des moyens de transmission electrique connectes auxdits moyens formant capteur (14) pour vehiculer des 
55 signaux (266, 286) correspondant auxdites fluctuations de pression; et 

h) des moyens de calcul connectes auxdits moyens de transmission electrique, agences pour traiter des si- 
gnaux de sortie transmis par lesdits moyens de transmission electrique et agence pour produire des signaux 
electriques indicatifs de quantites de mesure physiques de I'ecoulement; 



30 
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i) les premier et second diaphragmes de traitement (40, 38) transmettant dans lesdits espaces interieurs (64, 
70) fermes de facon etanche, une pression de fluide de traitement et une temperature du fluide; 
caracterise en ce que 

j) les moyens formant capteur (14) sont soumis a et agences de maniere a detecter ladite pression du fiuide 
s de traitement et ladite temperature du fluide, lesdits moyens formant capteur (1 4) comprenant des premier et 

second diaphragmes de detection (52, 54) de telle sorte que ledit premier diaphragme de detection varie avec 

des variations desdites fluctuations de pression et est situe entre les cdtes opposes desdits premier et second 
moyens formant diaphragmes de traitement (40, 38) de telle sorte qu'il est couple d'un c6te par rintermediaire 

du liquide de remplissage au premier diaphragme de traitement et sur son autre cdte par rintermediaire du 
10 liquide de remplissage au second diaphragme de traitement, et que ledit second diaphragme de detection 

(54) est couple uniquement au premier diaphragme de traitement, avec un seu! cdte expose au liquide de 

remplissage; 

k) des moyens de transmission electrique transmettant des signaux correspondant a ladite pression et a ladite 
temperature du fluide de traitement. 

15 

2. Dispositif (10) selon la revendication 1, dans lequel ledit premier desdits diaphragmes de detection (52) ou ledit 
second diaphragme de detection (54) est configure de maniere a etre sensible a des variations de temperature. 

3. Dispositif (10) selon la revendication 1, dans lequel lesdits moyens formant capteur (14) comprennent en outre 
20 un element (106) de detection de la temperature, qui varie avec les variations de ladite temperature du fluide de 

traitement comportant un seu I c6te soumis auxdites variations de temperature proven ant dudit premier diaphragme 
de traitement (40), qui sont transmises par le liquide de remplissage. 

4. Dispositif (10) selon la revendication 1 , dans lequel lesdits moyens formant capteur (14) sont formes a partir du 
25 groupe comprenant une pastille semiconductrice en potysilicium ou une pastille semiconductrice en silicium. 

5. Dispositif (10) selon la revendication 1 , dans lequel lesdits moyens formant capteur (1 4) contiennent des elements 
piezoresistifs (90, 92, 94, 96) servant a detecter des modifications dues auxdites fluctuations de pression, a ladite 
pression du fluide de pression et a la temperature. 

30 

6. Dispositif (1 0) selon I'une quelconque des revendication s precedentes, dans lequel lesdits moyens formant capteur 
(14) comprennent un corps de capteur devant etre situe a I'exterieurde ladite section de canalisation d'ecoulement 
(20) et connectes fluidiquement a cette section. 

35 7. Precede de determination de caracteristtques d'un ecoulement de traitement destine a etre utilise dans un debit- 
metre a vortex (10) contenu dans une section de canalisation d'ecoulement (20) apte a etre couple a un conduit 
d'ecoulement en fluide, qui comprend: 

a) la production d'une serie de vortex de pression alternes (26a, 28a) dans un flux d'ecoulement par montage 
^o d'un corps (16) de production de vortex dans ladite section de canalisation d'ecoulement (20); 

b) la transmission desdits vortex de pression alternes (26a, 28a) provoques par ledit corps (1 6) de production 
de vortex a des moyens formant capteur (14) renfermes dans un boTtier de capteur (76) comportant des es- 
paces interieurs (64, 70) fermes de facon etanche, remplis par un liquide et comportant des premier et second 
diaphragme de traitement (40, 38) en contact avec ledit fluide de traitement, la transmission desdits vortex 

45 de pression alternes (26a t 28a) auxdits moyens formant capteur (14) par rintermediaire dudit liquide de rem- 

plissage qui entourent lesdits moyens formant capteur (14); 

c) la mesure desdits vortex de pression alternes (26a, 28a) provoques par ledit corps (16) de production de 
vortex dans lesdits moyens formant capteur (14) par un premier diaphragme de detection (52) comportant 
des cotes opposes soumis auxdits vortex de pression alternes (26a, 28a) a partir desdits premier et second 

50 diaphragmes de traitement (40, 38) de telle sorte qu'il est couple d'un cote par rintermediaire du liquide de 

remplissage au premier diaphragme de traitement et sur son autre cote par rintermediaire du liquide de rem- 
plissage au second diaphragme de traitement; 

d) le calcul de {'amplitude de la pression differentielle et de la frequence desdits vortex de pression alternes 
(26a, 28a) tels qu'ils sont mesures par lesdits moyens formant capteur (14), 

55 e) la transmission de la pression de fluide de traitement auxdits moyens formant capteur (1 4) par rintermediaire 

dudit liquide de remplissage; et 
caracterise par: 

f) la mesure de ladite pression du fluide de traitement avec lesdits moyens formant capteurs (14) par un second 



14 



EP 0 666 468 B1 

diaphragme de detection (54) qui est couple uniquement au premier diaphragme de traitement par un seul 
c6te expose au liquide de rempHssage; et 

g) la mesure, dans lesdits moyens formant capteur (1 4), de ladite temperature du fiuide de traitement qui varie 
avec ies variations de ladite temperature. 

5 

8. Procede selon la revendication 7, selon lequel I'etape de mesure de ladite temperature du fiuide de traitement est 
effectuee dans lesdits moyens formant capteur (14) par ledit premier diaphragme de detection (52) qui varie avec 
Ies variations de ladite temperature. 

10 9. Procede selon la revendication 7, selon lequel I'etape de mesure de laite temperature du fiuide de traitement est 
effectuee dans lesdits moyens formant capteur (14) par ledit second diaphragme de detection (54), qui est sensible 
aux variations de ladite temperature. 

10. Procede selon la revendication 7, selon lequel I'etape de mesure de ladite temperature du fiuide de traitement est 
15 executee dans lesdits moyens formant capteur (14) par un element de detection de temperature (106) qui varie 

avec Ies variations de ladite temperature du fiuide de traitement possedant un seul cdte soumis auxdites variations 
de temperature a parti r du premier diaphragme de traitement (40) et espace desdits premier et second diaphrag- 
mes de detection (52, 54). 

20 11 . Proced6 selon Tune quelconque des revendications 7 a 10, comprenant en outre Ies Stapes consistant a : 

a) calculer la Vitesse d'ecoulement Vf en fonction de ladite frequence desdits vortex de pression alternes (26a, 
28a) tels qu'ils sont mesures par lesdits moyens formant capteur (14); 

b) determiner la densite du fiuide de traitement en fonction de ladite pression et de ladite temperature du fiuide 
25 de traitement, telles que detenminees par lesdits moyens de detection (14); et 

c) calculer le debit massique MFR a partir de la relation 

MFR = dxaxVf 

30 

d etant ladite densite du fiuide de traitement et a la surface en coupe transversale de la canalisation d'ecou- 
lement. 

35 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 1 0 
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Fig. 1 1 
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